A simple method of assaying anti-influenza neuraminidase antibodies in human sera was described. Suitable antigenic hybrid viruses were adsorbed to sheep erythrocytes, which were then incorporated into agarose gels. When sera were introduced into wells cut in the gels, zones of hemolysis were observed in the neighborhood of those containing neuraminidase antibodies. There was a direct relationship between zone size and antibody titer. No purification of adsorbed viruses was necessary. The test was rapid, required very simple reagents, gave results that agreed well with those given by conventional techniques, and appeared to be the most sensitive of four methods evaluated. Studies of cross-reactions by hyperimmune sera against homologous and heterologous neuraminidases and of absorption ofneuraminidase antibodies from human sera indicated a high degree of specificity. The technique seems to be suitable for large-scale epidemiological investigations.
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Influenza virus neuraminidase antibodies exert a weaker antiviral effect than hemagglutinin antibodies. Jahiel and Kilbourne (6) showed that they merely reduced the size of virus plaques and did not completely suppress them as did those evoked by the hemagglutinin. The system most commonly used for their detection is based upon the estimation of free Nacetyl neuraminic acid released when the viral enzyme acts on an appropriate substrate (2, 16) , and on the inhibition of the reaction by specific antibody (1, 17) . Davenport et al. (4) proposed the use of a hemagglutination inhibition technique, and a more sensitive variation of this method, which involved the use of antiantibody, was later described by Kendal and colleagues (8) . Schild et al. (14) found that antineuraminidase antibody could also be measured by single radial diffusion (SRD), a technique devised by Mancini and co-workers (11) for studies on antigens. Holston and Dowdle (5) examined the possibility of using tanned erythrocytes sensitized with purified neuraminidase for antigen-antibody interaction. It is clear from the wide variety of methods described, and from the fact that they are all time consuming or dependent on the availability of large amounts ofpurified material, that none is really suitable for routine use. We are therefore proposing the adoption of yet another technique, single radial hemolysis (SRH), recently described by Russell et al. (13) for the measurement of anti-hemagglutinin antibody, which we have assessed by the use of sera taken from strictly controlled human trials in the Common Cold Unit. This test uses crude virus in allantoic fluid as its source of antigen, is performed rapidly and easily, and seems to be sensitive and specific.
MATERIALS AND METHODS
Viruses. Viruses were propagated in the allantoic cavity of 11-day embryonated hen eggs that were incubated for 2 days at 33 C. A/Singapore/1/57 (H2 N2) was well adapted to eggs, but its passage history was not recorded; A/Hong Kong/1/68 (H3 N2) had had two monkey kidney passes and a few egg passes; A/England/42/72 (H3 N2), received in this laboratory after four egg passes, was Preparation of hyperimmune sera in rabbits. A 2.0-ml amount of undiluted virus in allantoic fluid was inoculated intravenously into the marginal ear vein of a rabbit, and the inoculation was repeated 3 weeks later. Rabbits were bled out 1 to 2 weeks after the second injection.
Volunteers. Specimens from 30 volunteers who had attended the Unit at various times were selected for the study. All were bled on the day of arrival (day 0) and were inoculated intranasally on day 3 with A/Hong Kong/68 (H3 N2) virus, wholly or partly attenuated. Nasal washings on days 5, 6, and 7 were each inoculated allantoically into four eggs for virus isolation. A second specimen of serum was obtained from each volunteer 2 to 3 weeks after leaving the Unit, and paired specimens were simultaneously tested for HI antibodies to the inoculated virus. Clinical assessment was performed independently by a clinical observer. Methods have been described previously (3) .
Techniques used in the measurement of neuraminidase antibodies. (i) Chemical method (NI).
Neuraminidase activity was assayed by Aminoffs method (2) and its inhibition was determined by the method of Webster and Laver (17) as modified by Schild and Newman (15) and by ourselves. Cohn fraction VII-7, prepared from human serum and kindly provided by J. Watt of the Protein Fractionation Center, Edinburgh Royal Infirmary, was made up as a 10% solution and used as substrate (cf. method of Kendal and Madeley [71) . The dose of X-15 HK virus used was that giving an absorbance of 0.6 at 549 nm. A 50-A,l amount of serum diluted 1:50 in 0.1 M phosphate buffer, pH 5.9, was added to an equal amount of diluted virus, and the mixture was kept at room temperature for 1 h. A 100-Al amount of substrate with 0.05% sodium azide was then added, and the mixture was made up to 0.5 ml with phosphate buffer. Control tubes contained portions of a serum specimen collected before 1957, i.e., before the appearance of the N2 serotype. Absorbances were read against blanks containing substrate alone. The antibody titer of the serum was read as the percentage inhibition of neuraminidase activity of that produced by the negative serum control. By this method a rise of 16 percentage points in the second serum specimen over that in the first (4 x standard deviation) was designated a significant rise.
(ii) Neuraminidase hemagglutination inhibition (NHI). The technique was that of Kendal et al. (8) . The virus used was again X-15 HK but initially purified by a single cycle of adsorption-elution from human erythrocytes. Sheep anti-human immunoglobulin G (Burroughs Wellcome and Co.) was used as enhancer. A 0.65% suspension of chicken erythrocytes was used throughout the test for the detection of erythrocyte agglutinin. Fourfold or greater rises of antibody were graded as significant.
(iii) SRD. The method has been described by Schild et al. (14) . X-15 HK was the virus incorporated in the gels. Zones of opalescence were obtained in the neighborhood of wells receiving paired sera, and where diameters differed by 0.2 mm or more, significant rises of antibody were considered to have occurred. The results shown in Fig. 2 were obtained by Molyneux et al. (12) by this technique and are being shown for comparison with the other three methods.
(iv) SRH. The method used was similar to that of Russell et al. (13) , previously used for the titration of anti-hemagglutinin antibodies. Washed, packed sheep erythrocytes (Burroughs Wellcome and Co.) were mixed with an equal volume of 5 x 10-4 M potassium periodate in phosphate-buffered saline and kept at room temperature for 10 min. Virus in the form of allantoic fluid (minimum hemagglutination titer, 1,024), clarified by centrifugation at 1500 rpm for 10 min, was added in the proportion 5 parts virus to 1 part erythrocyte-periodate complex. The new mixture was kept at 4 C for 10 min with periodic mixing. Agglutinated erythrocytes were washed three times with complement fixation barbitone buffer. Finally they were made up to a 50% suspension in the buffer. This suspension could be kept for up to 4 days at 4 C. A 2.8-ml amount of 1% agarose (Indubiose A 45; L'Industrie Biologique Francaise) in barbitone buffer containing 0.1% sodium azide was melted and cooled to approximately 46 C. A 0.1-ml amount of guinea pig serum (kept stored at -70 C) was added as a source of complement, and then 0.1 ml of viruserythrocyte suspension was added. Mixing was performed as rapidly and thoroughly as possible, and the mixture was poured onto immunodiffusion plates (Hyland Laboratories) and allowed to set. Holes of 2-mm diameter were punched in the gels at 10-mm intervals. Prepared plates could be kept in a moist box at 4 C for periods of up to 48 h.
Serum was added to the wells in 5-ILI amounts, and the plates were kept at 4 C in a moist box for 16 h to allow diffusion to take place. The box was then removed to a 37 C incubator for 2 h, and the diameters of the hemolytic zones were recorded as described by Russell et al. (13) . An increase of 0.5 mm or more in the diameter of the hemolytic zone produced by the second serum as compared with that produced by the first serum was considered a significant anti-neuraminidase antibody rise. When desired, plates were preserved by fixing in 5% formol saline for 10 min. They could then be stored for up to 2 months at 4 C.
Rabbit sera were inactivated at 56 C for 30 min before testing. Most rabbit sera gave small clear zones of nonspecific hemolysis, presumably because of the presence of Forsmann antibodies to sheep erythrocytes. The effect could be abolished by overnight absorption in the cold with packed sheep erythrocytes. A diffuse halo of partial hemolysis, also sometimes seen, was apparently due to anti-chick cell antibodies stimulated by the intravenous inoculation of the animal with crude allantoic fluid. It could be removed by prior absorption with chicken embryo extract, but this was not done routinely since the reaction did not usually interfere with the reading of the test.
Nonspecific zones of hemolysis were not seen with human sera that were used without preliminary treatment of any kind.
Absorption of neuraminidase antibodies from sera. Rabbit hyperimmune sera, prepared against the viruses A/Singapore/1/57, A/Hong Kong/1/68, and A/England/42/72, were diluted to give comparable NI titers against the homologous viruses. Clarified allantoic fluid (hemagglutination titer, 1,000 to 2,000) was centrifuged in an MSE high-speed centrifuge for 1.5 h at 30,000 rpm, and the pellet was resuspended in phosphate-buffered saline to 1/10 its original volume. Serial dilutions of the suspension were then mixed with the hyperimmune sera and maintained at room temperature for 30 min, and the mixture was recentrifuged for 30 min at 30,000 rpm. When absorbing antibodies from human sera, a virus dose was used equal to that required for complete absorption of homologous antibodies from the standardized rabbit hyperimmune sera, as measured by SRH. The unabsorbed serum control was diluted with phosphate-buffered saline to the same degree as the absorbed serum.
RESULTS
Linear relationship of SRH zone area to serum dilution. That the SRH test can measure actual neuraminidase antibody titers is shown in Fig. 1 . Six replicate plates were made with the virus AIPR/8/34 (HO)-England/42/72 (N2), MRC 3 , and tests were performed on an A/England/42/72 hyperimmune serum diluted in series in normal rabbit serum. Reduction of zone size was seen with increased dilution of the serum. The mean coefficient of variation between plates was 1.87%, and it never exceeded 2.51%. As the SRH zone became smaller it also became less sharply defined, and, with the specimen shown in the figure, the zone obtained with a 1:32 dilution was too indistinct for accurate measurement.
Comparison of the different techniques. Anti-neuraminidase antibodies were titrated in the 30 paired sera by four different methods, NI, NHI, SRD, and SRH ( Fig. 2-5) . The use of a recombinant, X-15 HK, with an Heql hemagglutinin component to which antibodies are not found in man, obviated the possibility of rises due to steric hindrance. The results can be compared in detail with those obtained for individual volunteers in the original trials (Table  1) . In general, agreement between the results obtained by the different tests was good (Table  2) , and 14 volunteers, all of whom had initially been diagnosed as infected, showed rises of antineuraminidase antibody by all the methods. Six volunteers showed no rise by any method, and five of these were not infected. The rest showed incomplete agreement in the different techniques, and these are analyzed further in Table  3 . Of the seven of these who showed rises by SRH, six had shown unequivocal evidence of infection with the challenge virus, and only one (volunteer no. 16) produced a possible false positive. One volunteer (no. 10) was an apparent false negative. In the 30 paired sera as a whole, SRH showed significant neuraminidase antibody rises in 21, SRD in 20, NI in 19, and NHI in 17. Specificity of SRH in the measurement of neuraminidase antibodies in rabbit hyperimmune sera. In plates containing no virus, hemolysis was not observed apart from the Forsmann-like effect with rabbit serum already Specific rabbit antisera gave large, welldefined zones of hemolysis when the gels contained homologous virus neuraminidase, but these usually became smaller and less distinct as the relationship between the neuraminidases became more distant. Table 4 (Fig. 6, lb) . Table 1 . (Fig. 6 , la and ld, 
